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And Fukushima accident --
An example of public relation

General public forced to learn radiations

B
Jun 11, more than 100 people =
with Geiger counters to hear about |

correct radiation measurement

I
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And Fukushima accident --

An example of public relation

General public forced to learn radiations
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SM Higgs mass and MSSM
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® Higgs mass above 130
GeV is very difficult for
MSUSY (mstop) ~1TeV

® |arger Higgs mass may be
achieved for large A
parameter.
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SM nggs mass and MSSI\/\

4.' K ! ! I | | | | | | | .....

’ é_ MSUSY :1 Tev115 120 125 130<: ;
5o ® Higgs mass above 130

GeV is very difficult for

1 g_tan;;: 3 | | _ MSUSY (mstop) ~1TeV _
e i i i i i i i i i
; 115 /
3 [ 120 125 130@ > Larger nggS Mmass may be .
F2E achieved for large A

; 115 :
B \ parameter.

C tanfB= 5
E | |

O : =
s
- | Y NOTE The upper bound is fragile §

1 _ 115 k ex. Asano et al 1108.2402

B e 20 , SeeorTese with additional 4th generation
0 bs 1 like particle
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SUSY also has n

CMS at EPS CMS Preliminary  \'s = 7TeV det—1 fo’

I I
— 2011 Limits - CDF %, 7, tanp=5, u<0-

-=:2010 Limits NN DO 7,7, tanp=3,u<0_7
tanf =10, A =0, u>0 - LEP2
LEP2 T

Results of three SUSY
analyses completed on
2011 data (o , Same
Sign and Opposite Sign
dileptons).

m, , (GeV/c?)

$(1000)Ge

CMS-SUS-11-003
CMS-SUS-11-010
S-SUS-11-011

—

OS Dilepton

g(500)Gev |

800 1000
m, (GeV/c?)

Within the Constrained MSSM model we are crossing the border of
excluding gluinos up to 1TeV and squarks up to 1.25TeV
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“really nothing so fa ”
Why haven’t we found
anything?




Because we understand QCD better now

® |n 90’s: We do not know how to calculate multi-jet processes
at the hadron collider “I do not trust hadron collider
physics” is typical attitudes in e*ecollider funs in 90’s

® Progress in “Matching” and SR

NLO

® \We do not “discover” much

until we reach the point.
( unlike the era of SPS)
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W+jets (leading SUSY BG at 7TeV )

Data vs Theory in 2003

Data vs Theory Ratio of Cross-sections

. CDF Run Il Preliminary B 03 SDF Hm} !l f;eliminarv
—_ - . 1 -~ @ V.3 W—ev+zn)els, p -
g‘ ng; ;:;}‘;?;117(‘;’:‘,% 2.4 - JetClu R=0.4 (E>15 GeV, i, l<2.4)
g 2 18-
T T B B e e BRI
X i | ) | | |l
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I *LOQGCD up=<p> -1 > LO QCD uyy= <pi> * Run!108pb"
0 o 4 1 ‘ ) l
Jet MultiplicRty ( = n jets) T Jet MBttiplicity ( = jets)
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W+jets (leading SUSY BG at 7TeV )

R T

. iR

Data vs Theory in 2011
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2 10° PYTHIA - ot ¥ BLACKHAT-SHERPA | 'l Zrezim —— Sherpa
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Background and discovery |

® Jets + W, Z and Jets + tt distribution at LHC are consistent with
simulation thanks to the multi-jet ME and matching (Sherpa,
Alpgen, Madgraph,... ) and various NLO generators.

e On the other hand, once you apply cuts, cuts, cuts, to estimate the
backgrounds in the signal region, there are problem. We are not in
the level to predict the tail where only 1/1000 of total events exists.

® Therefore some background is estimated from the control region,
for example the tail of missing ET from Z->ee and so on.

® This is where some Higgs and SUSY searches are. (ex: H-> WW)
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SUSY search and

measurement
Now and future




Event selection

e Depending on the SUSY mass hierarchy, different production

~ A~ ~ A~ ~ A~

processes favoured (99, 94, 49)

e Signal regions optimised to maximise sensitivity to different
production processes

A  Signal Region |>2jets >3jets >4jets High mass
e Trigger | |E™ >130 >130 > 130 > 130
€D requirements | | Leading jet pr | > 130 > 130 > 130 > 130
L _?ccond jet pr >40 >40 > 40 > 80
N . é\% Channel definition | | Third jet py - > 40 > 40 > 80
fb\ Fourth jet py = St > 40 > 80
) Reduce| | Ad(et, EB*)in | >04  >04 > 04 > 0.4
2 jets QCD | | ET™ /meg >03 >025 >0.25 >0.2
,x'r}g e Enhance signal| m.g [GeV] > 1000 > 1000 > 500/1000 > 1100
L > o
mess = IR+ B

1=1

|.Vivarelli - EPS-HEP, Grenoble July 21st-27t 2011
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Results

Signal Region
4-j 4-j
-je -je
> 2-jet > 3-jet i S High mass
mer > 500 GeV | mey > 1000 GeV

Z[y+jets 325+ 26+ 68 | 258+ 26+ 49 | 208+ 9+ 37 | 162 2.1% 36| 33 10 13
Wjets 262+ 39+ 67 | 27+ 35+ 58 | 367+30+126 | 12.7x 2.1+ 47 | 22+ 09+ 12
ti+singletop | 34+ 15+ 16| 56+ 20x 22 | 375+37x 74 | 37+ 12+ 20| 56+ 1.7 2.1
QCD jets 022+006+024 | 092+0.12+£046 | 34% 2% 29 | 0.74+£0.14£0.51 | 2.10+£0.37 £ 0.83
Total 623+ 43+ 92 | 55 38x 73 | 984+39%145 | 334x 29+ 63 | 132+ 19 26

Data 58 59 1118 40 18

excluded ox 24 30 477 32 17

acc (fb)

e No discrepancy with respect to SM predictions.

upper limit of each

search channel

e The result is interpreted as a 95% CL exclusion limit on effective cross sections
using a profile likelihood ratio approach following the CLs prescriptions.

e Analysis giving best expected limit used in each point.

|.Vivarelli - EPS-HEP, Grenoble July 21st-27t 2011
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14TeV projection

I I |
1400 L — ~ ~ o~ 100pb
1fb = M(Q) = I”H(g) =0.5TeV | - s .
--------- gluino/squark - x ass. prod. 88 7dmain
1200F Ty \--\_h_;_riicluded _
gluino,squark pair prodﬁ.-“\._\i m(é) = m(g) = 1T€V 0} N3pb
1000 e N N N
~~~~~ - i - " o ~20fb
——— m(q)=m(g)=2TeV | . =" =
goot [ =T g:2TeV Ui, ud ¥main
S 100 fb S
600 - S -
iy G- 2TeV ® 7TeV run excluded
400 e, = significant parameter space
- 10 pb ‘ T
Expected after g:1leV™T .
P TeV s ® production at 14TeV would
/1eV run 5 "
o | g OtanB =35>0 |3 be 1 pb or less. significantly
0 500 1000 1500 2000 Imits statistics at 14TeV run

Mo (GeV) already.
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Spartlcle Detection & Reconstru "

Mass precision for a favorable benchmark point at the LHC mo=1_025<(5)e¥ y
LCC1~ SPSla~ point B’ ek

tanp = 10

sign(u)=+

hep-ph/0508198

Lightest neutralino — Dark Matter?
100 fol, 14 TeV  oF

Fit SUSY model parameters to the
measured SUSY particle masses to

2 GeV_ LHC = o tract oyh? = 0(10%) for LCCI
= ' . i‘.-m.ﬂ 4.8
(" f'\ 02 F
Amgo 47 St
2 S
l Amgo 5.1
4 0125 F
> 120 | llme 4.8 " _
o lepton edge Am; 5.0
el ' 5-8 o]
% _ 8' ? - 00 0.0250.050.075 0.1 0.1250.150.175 0.2 0.225 0;25
0 7-12 ’

40

o miler et A, 75 [ This point and much more of
_Useshapes Am; 7.9 [ the CMSSM space is ruled out
8.0 What can LHC still say on DM?

20

PSRN ISR [T ST [T e -
00 20 40 60 80 100 120 140 160 180 200
M(e'e)+M(u"W) (GeV)
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SUSY mass determination
using jets+ 2 lepton channel

® production cross section is determined by squark gluino mass

® Branching ration into the second lightest neutralino 30% , lepton
branch 6~20%— total 2~6%.

e 30fb! x Tpb =30000-> 600 events(2% branch) are not enough
to determine EW SUSY particles masses precisely

® Need full use of hadronic channels to determine SUSY scale
when it is discovered.
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Combinatorial background in
hadronic channel

USE MT2~mass of
2) ISR; Which jet comes parents
from ISR?

1) jets are
from A or B¢
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Combinatorial background in

hadronic channel
USE MT2~mass of
2) ISR; Which jet comes parents
from ISR?

use part of the jets 7~

1) jets are
from A or B¢

Take minimum for
jet combination

2011E8H28HHIEH
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MT2 and mass reconstruction

UZS(l) (1) UZS(Z) (2) i ) sy
mT2<pT » Mayiss P sy MMyiss mx) e S mH}) S vis(2) maX{mT s T }
{pT ‘|’p e 0 Pr }

ZTeV 100fb
mgl=558GeV mul=825 GeV

input gluino mass

700 |
s s
s00 M, for multijet final state =
00 [ minimization for all jet combination
300 i
3 3 M12min=ISR removal ~remove one jet
g from the minimization (among 5
BTGl s e e eadinzletsh)
o a0 w0 o 0 1000 1209 Nojiri Sakurai 2010

Reconstruction of (squark /gluino mass -LSP mass) may be possible
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How about spin measurements

® in Jet +2 lepton channel spin effect in the inv. mass distribution,

able to distinguish SUSY vs “Same spin partner” models (such
as LHT, UED)

® jet channel: there are jet ID problem, but jets from two body
decay of quark partner is easy to identify becuase of the PT

® |f the interaction of quark partner is chiral, there are visible spin

effect , ,
Azimuthal angle correlation

polarization (1/2,1/2) and (-1/2,-1/2)

(1/2 1/2) or (-1/2 -1/2) 4 amplitude is same order

is dominant " e

fr ¢

03 \X _ (et} A

\\\ =« ]

Buckley et al 2008
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The jet level distribution for
pp— UrUr— uu XX
1800 [~ e
1600 = T = o0 ::
e - Zooar *0 No spin correlation ¢
1000 = 500 i— 300 =
o 0o |- = (Madgrap22 by 2
600 = — '
400 £ 1" fgg 3 100 pythia )
ZOO :_ N §IIII|IIII|IIII|IIII
[ [ [ | | | |lLJ__l_ 0 0
0 o 0.0 5 0.6 0 500 1000 1500 2000
etmiss /xmeff
19@0 = “ggg 3 5070 : :
1§§8 S ol 3 ,, With spin correlation
o = | i Madgraph
— 500 E
9 E o | . s
300 E- ‘azimutha 300 E
38 E angle 200 £ 10
$©@ = A 108 ;\\I'I\\\‘\\\\‘\\\\ O
o 1 j‘ ] e H Il || O 500 1000 )3500 2000
0 02 04 06
o/iEFS =S = EIE RS G|
etmiss /xmeff Nojirt, J. 5 J
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SUSY study in 2012

1fb'—= 5fb-! this year, probably reaching up to 1.2TeV, and not
much extension to higher mass at 7TeV in 2012

It will be High energy “high luminosity” frontier—better
understanding of W, top productions = increasing discovery
potential in the SM-MSSM overlapping area.

NOTE: Current study relies on a few
from large mass splitting between co

nigh pT leading jets arising
ored SUSY particles and dark

matter. Especially It does not cover degenerate SUSY mass

spectrum
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Mass spectrum and signal

If degenerate

giid?
o
i
=
Wl
:

squark and gluino | s
ey £ 1) LSP is not toorelativistic

Supergravity
Large mass splitting
Detail of EW sector

IS not matter

2) Both cross section and visible
energy are small,, overlap with SM

[ T N et

3) Difficult to identify the _Tf_
parents of the jet .

HitiHEE

{S PR R

EW inos

EHE i

In Mixed Modulus Anomaly
Mediation model (KKLT model,
(Two source of SUSY breaking)

degenerate mass spectrum possible
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SIgnal distribution of degenerate casem No Way if
mLSP> 0.7 m(squark) ¢

. N. and Kawagoe Phys.Rev.D74: 115011,2006

‘gnudata’ using 1:3:5

"gnudata" u 1:3.5 ——— 1400

1200 |

1 OOO

800

e T e T R

Liga)
e
LRIt

600

ETmiss[GeV]
i

400
200

0 0
400 600 800 1000 1200 1400 1600 1800 400 600 800 1000 1200 1400 1600 1800

Meff[GeV] Meff[GeV]
SUGRA LIKE Most Degenerate

Number of events per 5x10* events
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model B mg~=1.1TeV

events

-1

Number of events per 10fb

M for model B

mesp=0.7 msq

R=0.1 My(GUT)=450GeV —
R=30
R=55

R=0.1 Mg(GUT)=650GeV

s e R e s R R R R R R R R R




e of model independent searches

g-g production, g — 2t+§"(?, m(q) >> m(g) I Ldt = 1.03 fb"' \'s=7 TeV SN H B
;‘ 450 lllllllllll'llllllllllllllllllllll'llllllll’l, 4
O CL, observed limit
...... CL. expected limit
% ) 40~ Expected CL_limit +1o 3.5
>

S _—

350 ATLAS Preliminary 3

1-lepton, 4 jets

580 >= 1 b-tag, m. > 600 GeV 660(\,
&
o )
200 ({\xj\j, -

150

100

’, .-
ot
.

50

llll]lllllllllllllIllllll]llllll]llllllllll

o bt
350 400 450 500 550 600 650 700 750 800 850
m (GeV]

But more than 350GeV mass differences for this case

See studies by Alwall, Wacker....
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1 h“wﬂ.""—_mum ...............

" MUED and LHC

A Model that all SM particle lives in 5th dimention, Z>
compactification for KK parity

small mass splitting as in KKLT model. particles in the same
KK levels are degenerate.

2
n
2
doaaisnyrn ah mx<o> 4 5mx<n> (Boson),
5Dl + My + My (Fermion),

Dark matter is lightest KK odd particle~
KK mode

U(1) gauge boson

mass splitting within 20%, but easier than SUSY, large cross
section and lepton branching ratio

m. )
800.1

My )
847.3

Mz @)
847 .4

e (1)

808.2

1)
822.3

T (1)
909.8

)
TI289

mg)
929.3

Mg
986.4

GeV

2011E8H28HHIEH

Table 1: Mass spectrum of first KK level for a benchmark point (1/R, AR) =

(800, 20)

syt
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b

MT2 for background reduction
MUED case

® calculate Mt for leading two jets and mies=0.

e tt distribution: leading jets tend to be b-jets, and input test mass is
correct. They cannot extend too much beyond m.

® signal distribution: Not much high pT jets from MUED particle
decay. The leading jet is initial state radiation.

o 1 — AF
' D) s gay@ @) Correct two partons : = - ]
o q 9q qqy Y o — +
% without USR % tt = bbW™W Correct two partons
Q L 1k Correct two partons &)
< 10 = 1n-1 Leading two partons
= < 10
— Leading two partons N -
[Q\] 2
- . . ~ s e Leading two jets
= 10 : A T Leading two jets &~
% 2 % 1072 =
= Bl v Tl o F
© 10 =~ [
""" o ° 10-3 §_
10 Initial state 1 -"cl tron :
IIIIIIIIIIIIIIIIIIIIII -4__ |||§i:”_| IlIIllIJIllIJllIJJ
0 300 400 500 600 700 800 0 100 200 300 400 500 600 700 800
M, [GeV] M, [GeV]

Murayama, Nojiri , Tobioka

T . =~ Hlvini] o S SEHEL LSS e e R H IR LI T s
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Discovery in jets + lepton |
mode (theorist calculation) |

1400[ - -

® upto 1.2TeV for 10fb-1 13001 - :

at14TeV 1200% o @ —e— My, 10fb™ 14TeV ‘

> oo | -~ 4lepton 10fb” 14TeV |

@, 1000 - T —=— M., 16" 14TeV

® No b veto assumed. € 900~ - " ¢

matrix element " s00)- | 7 dlepton b7 14Tev 8

: 700 e — —— My, 26" 7TeV

corrections for the SM sool- 7
background, and not for 500 prsmssassbiite s Dl il -

ED signal 400f i , =

MUED s & 10 20 30 40
(conservative) AR

® Dark matter favored region MUED at 1/R~1.5 TeV.

® Need Something similar for SUSY.
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